


EXPLANATION 

Cell occupied by water in 1991 

Cell last occupied by water in 1985 

Cell last occupied by water in 1 982 

Cell last occupied by water in 1 978 

Cell last occupied by water in 197 4 

Cell last occupied by water in 1971 
Cell last occupied by water in 1 965 

Cell last occupied by water in 1950 

Cell never occupied by water 

Copper River Highway 

BR345 - Bridge and bridge number 

0 2 3 4 5 MILES 

0 2 3 4 5 KILOMETERS 

Figure 55. The lower Copper River showing the latest year a cell has been occupied by water. 
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Markov Analysis 

A Markov analysis describes the frequency or 
probability attached to the transition from one state to 
the next, as for example, the transition from a gravel bar 
to water. The analysis is not concerned with the pro
cess, for instance, of how a gravel bar changed to water. 
Thus, a Markov analysis can occupy an intermediate 
position in the spectrum ranging from purely determin
istic models to purely random models. In a purely 
deterministic model, the state of the system at any point 
in time or space can be predicted precisely by evaluat
ing the model. In a purely random model, the state of 
the system at any point in time or space is completely 
independent of previous events. A Markov-chain 
model is intermediate in that a random component or 
components are present, but the state of the system at 
any point in time or space is not independent of the pre
vious event or events. 

One of the most important considerations before 
beginning the Markov analysis was to define the 
boundaries. For example, if the boundaries were cho
sen to include areas that may never change, the analysis 
would indicate Markov properties, but in a biased man
ner (Davis, 1986). In the lower Copper River, the pri
mary concern is whether or not the Copper River will 
impact the Copper River Highway. Using this concept, 
the boundaries for the Markov analysis were defined as 
follows: the Copper River Highway from Flag Point to 
the Million Dollar Bridge represented the southern and 
eastern boundaries; the right bank of the Copper River 
from the Million Dollar Bridge to Flag Point repre
sented the northern and western boundaries. The land 
cover within these boundaries is subject to change and, 
although the northern third of the area has remained 
essentially the same, much of this area was inundated 
by flood waters in September 1995 and is subject to 
erosion. The right bank of the Copper River has not 
changed appreciably because it is bounded by Childs 
and Goodwin Glaciers, and a mountain range near Flag 
Point. Only a section of the river near the middle of the 
area has changed slightly over the years and thus the 
right bank could be considered a stable boundary. 
Because the 197 4 and 1982 aerial photography did not 
cover these boundaries, it was not used in the Markov 
analysis. 

Although not required, most Markov analyses 
use a discrete time increment. Ideally, for the lower 
Copper River, annual aerial photography obtained at 
the end of the runoff season would provide the best 
information on changes in state of the land cover. 
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Although yearly aerial photography was not available, 
an analysis of the available photography indicated that 
when the 1950 photography was excluded, the remain
ing sequence was as follows: 

1965, 1971, 1978, 1985, 1991 

The time, in years, between the photography was 
between 6 and 7 years or an average of about 6.5 years. 
Thus, the Markov analysis was done using only these 5 
years of photography, which provided a 6.5 year time 
increment. 

To begin the Markov analysis, each cell of each 
particular grid was assigned a number dependent on 
whether it represented a gravel area, vegetated area, or 
water. The grids were then compared on a paired basis, 
starting with the 1965 and 1971 grids and proceeding 
to the 1971 and 1978 grids, the 1978 and 1985 grids, 
and the 1985 and 1991 grids. For each comparison, a 
tally or transition count matrix was developed (table 
15). These matrices are a tabulation of the frequencies 
of the transitions from one land cover to another. For 
example, in the comparison of the 1965 and 1971 grids 
(table 15), 17,856 cells were classified as vegetated in 
1965. Between 1965 and 1971, 15,290 cells remained 
as vegetated, 276 cells changed from vegetated to 
gravel, and 2,290 cells changed from vegetated to 
water. 

After the transition count matrices were com
puted, the transition probability matrices were com
puted (table 16). The transition probability matrix is 
computed by dividing each entry from the transition 
count matrix by the total for its row. For example, for 
the 1965-71 period (table 15), 15,290, 276, and 2,290 
are each divided by the total, 17,856, to obtain 0.857, 
0.015, and 0.128 (table 16). The resulting fractions 
express the relative number of times one land cover is 
succeeded by another land cover. In a probabilistic 
sense, these are estimates of the conditional probabil
ity, the probability that a particular land cover will be 
the next to occur, given the present land cover. 

In examining the transition probability matrices 
as well as the change in water-surface elevation 
between the sets of aerial photography, the 1965-71 
and the 1978-85 matrices were affected by relatively 
large changes in water-surface elevations. In the 1965-
71 comparison, the change in water-surface elevation 
was + 3. 7 ft. The effect of this difference was to change 
more gravel land cover to water cover. Thus, one might 
conclude that there is no Markov tendency for the 
gravel land cover to remain the same. In a similar man
ner, the 1978-85 comparison was characterized by a 



Table 15. Transition count matrices for the Copper River, 
1965 to 1991 

Change 
in water-

Vege-
Gravel Water Total surface 

tated 
elevation 

(feet) ,> 

1965 to 1971 

Vegetated 15,290 276 2,290 17,856 

Gravel 1,406 3,113 4,018 8,537 

Water 556 1,725 21,441 23,722 

50,115 +3.7 

1971 to 1978 

Vegetated 16,017 167 1,215 17,399 

Gravel 873 2,872 '1,339 5,084 

Water 1,559 4,048 21,925 27,532 

50,015 -0.9 

1978 to 1985 

Vegetated 14,675 1,933 1,755 18,363 

Gravel 357 5,307 1,384 7,048 

Water 712 7,486 16,353 24,551 

49,962 -2.9 

1985 to 1991 

Vegetated 13,999 727 853 15,579 

Gravel 2,074 8,173 4,468 14,715 

Water 1,155 4,652 13,911 19,718 

50,012 +0.73 

Average: 1965 to 1991 

Vegetated 14,995 775 1,528 17,298 

Gravel 1,178 4,866 2,802 8,846 

Water 996 4,478 18,408 23,882 

50,026 

Average: 1971 to 1978 and 1985 to 1991 

Vegetated 15,008 447 1,034 16,489 

Gravel 1,474 5,522 2,904 9,900 

Water 1,357 4,350 17,918 23,625 

50,014 

water-surface elevation change of -2.9 ft. The effect of 
this difference was to change more water cover to 
gravel cover, although the Markov tendency is still evi
dent for water states to remain water. 

The 1971-78 and the 1985-91 comparisons are 
considered to represent a steady state of the lower Cop
per River since the changes in water-surface elevations 
between the sets of aerial photography was less than 1 
ft. In these two comparisons, the transition probabili
ties were quite similar except for a slight difference in 
the water-to-gravel and the water-to-water states. This 
may be attributed to the fact that after the 1981 flood, 
there was considerably more gravel cover and less 

Table 16. Transition probability matrices for the Copper 
River, 1965 to 1991 

Change 

Vege-
in water-

Gravel Water Total surface 
tated 

elevation 
(feet) 

1965 to 1971 

Vegetated 0.857 0.015 0.128 1.00 

Gravel 0.165 0.365 0.470 1.00 

Water 0.023 0.073 0.904 1.00 

+3.7 

1971 to 1978 

Vegetated 0.920 0.010 0.070 1.00 

Gravel 0.172 0.565 0.263 1.00 

Water 0.057 0.147 0.796 1.00 

-0.9 

1978 to 1985 

Vegetated 0.799 0.105 0.096 1.00 

Gravel 0.051 0.753 0.196 1.00 

Water 0.029 0.305 0.666 1.00 

' -2.9 

1985 to 1991 

Vegetated 0.898 0.047 0.055 1.00 

Gravel 0.141 0.555 0.304 1.00 

Water 0.058 0.236 0.706 1.00 

+0.73 

Average: 1965 to 1991 

Vegetated 0.867 0.045 0.088 1.00 

Gravel 0.133 0.550 0.317 1.00 

Water 0.042 0.188 0.770 1.00 

Average: 1971 to 1978 and 1985 to 1991 

Vegetated 0.910 0.027 0.063 1.00 

Gravel 0.149 0.558 0.293 1.00 

Water 0.058 0.184 0.758 1.00 

water cover, indicating that some channelization may 
have occurred. The 1985-91 comparison may be an 
indicator that some additional channelization is taking 
place. 

The average transition probability matrices for 
the 1965-91 period and the 1971-78 and 1985-91 peri
ods were computed (table 16). Slight differences can be 
seen, but both matrices indicate strong Markov proper
ties showing that the tendency of a particular land cover 
is to remain the same. The analysis of the aerial photog
raphy in the previous section supports this conclusion. 
From 1950 to 1978, there were no major channel 
changes in the lower Copper River and it was not until 
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the flood of 1981 that significant changes took place. 
Thus, infrequent, high magnitude floods appear to be 
the primary cause for changes in the lower Copper 
River. 

Additional Markov techniques are not presented 
in this report. These techniques could be used to com
pute the transition probability matrix for the next time 
step (Lin and Harbaugh, 1984) or the mean passage 
time (Kemeny and Snell, 1976). They were tested but 
the results were inconclusive. The uncertainty of the 
results was possibly due to the following: (1) changes 
in the lower Copper River occur annually but only a 
6.5-year time cycle was available for analysis, and 
(2) when the aerial photography was obtained, the 
water levels of the Copper River were not the same, 
and thus steady-state conditions were not present. 

SUMMARY AND CONCLUSIONS 

The geomorphology of the lower Copper River 
has been studied using various techniques. Principal 
findings are: 
• Van Cleve Lake is a glacier-dammed lake formed by 

Miles Glacier. The lake empties approximately 
every 6 years and releases more than 1 million acre
ft of water. At the peak outflow rate from the lake, 
flow in the Copper River will increase between 
150,000 to 190,000 ft3/s. 

• A geophysical technique-continuous seismic reflec
tion-was effective in detecting ice marginal fans 
near the terminus of Miles Glacier and a fine
grained sediment layer in the lake. These data, in 
conjunction with bedload data collected at the Mil
lion Dollar Bridge, indicate that Miles Lake traps 
virtually all the bedload that enters the lake from the 
Copper River. 

• Most of the flow of the Copper River occurs from 
June to September. By correlating concurrent flows 
from two streamflow-gaging stations located on the 
Copper River, long-term flow characteristics of the 
lower Copper River were synthesized. Historical 
discharge data indicate that as late as 1970 most of 
the flow of the Copper River was through Bridges 
331, 1187, and 332, located at Flag Point. Discharge 
measurements made during this study at bridges 
along the Copper River Highway indicate that cur
rently 51 percent of the flow of the Copper River 
passes through these bridges and 40 percent of the 
flow of the Copper River passes through Bridge 
342. 
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• At the Million Dollar Bridge, the Copper River trans
ports more than 69 million tons of suspended sedi
ment per year. No bedload transport occurs at the 
Million Dollar Bridge. The composition of bedload 
at the Flag Point bridges ranges from coarse sand to 
fine gravel and the composition of bedload at 
Bridge 342 ranges from coarse sand to medium 
gravel. Correlations between bedload and discharge 
were uncertain, due to the dynamic nature of the 
lower Copper River alluvial plain. Analysis of bed
material samples indicates that the size of bed mate
rial deceases in a downstream direction, due to the 
reservoir-like effect of Miles Lake. 

• Comparisons of cross sections at bridge sites of the 
lower Copper River made in 1908 with cross sec
tions made in 1993 at the same bridge sites indi
cated a significant difference in cross-sectional area 
at Bridge 342. Cross sections of the Copper River 
from the Million Dollar Bridge to the Copper River 
Highway that were surveyed in 1993 indicate two 
main channels of the Copper River. Water-surface 
elevations taken from the cross-section data indi
cate a slope of 0.0013 from the Million Dollar 
Bridge to Bridge 342 and a slope ofO.OOIO from the 
Million Dollar Bridge to Flag Point. 

• Utilizing the bed material and cross-section data, 
entrainment discharges for various sizes of bed 
material were computed at various locations of the 
lower Copper River. Compared with the actual dis
charges of the lower Copper River, sufficient stream 
energy exists to move bed material. 

• No major channel changes were caused by uplift from 
the 1964 earthquake. A flood in 1981, with a recur
rence interval more than 100 years, is believed to 
have caused a significant channel change in the 
lower Copper River, resulting in a significant quan
tity of additional flow passing through Bridge 342. 
The 1981 flood was more effective in causing chan
nel changes than were discharges associated with 
the breakout of Van Cleve Lake. 

• A probability analysis of the lower Copper River indi
cated stable areas and the long-term locations of 
channels. Using a somewhat subjective technique, 
potential areas of instability can be located. A 
Markov analysis of the digitized photography indi
cated that the tendency of the lower Copper River is 
to remain in its current state. 
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GLOSSARY 

Aggradation and degradation. The bed cutting and 
sedimentation of a channel over a relatively long 
period of time, usually measured in years. 

Alluvial channel. A channel whose bed is composed 
of non-cohesive sediment that has been or can 
be transported by the flow. 

Bed material. The material of which a streambed is 
composed. 

Channel. The part of the river that carries flow. 

Channel change. Change in channel geometry or bed 
elevation; change in its position, course, or pat
tern; and change in bed material, bank material, 
or vegetation density. 

Flood plain. A relatively flat surface adjacent to the 
river, constructed by the river and being recon
structed by the river in the present climatic and 
hydrologic regime, and overtopped on average 
about 2 of every 3 years. 

Median diameter. The midpoint in the size distribu
tion of sediment such that half the weight of the 
material is composed of particles larger than the 
median diameter and half is composed of parti
cles smaller than the median diameter. 

Scour and fill. The bed cutting and sedimentation of a 
channel during relatively short periods of time. 
Channel scour and fill involves time measured in 
minutes, hours, days, or perhaps even seasons. 
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Appendix 1. Suspended-sediment data for the Copper River at bridges along the Copper River Highway 

[ft3/s, cubic foot per second; mg/L, milligram per liter; ton/d, ton per day; mm, millimeter] 

Bridge 
Water Concen-

Discharge 
Percent 

Date Time discharge tration finer than 
name 

(ft3/s) (mg/L) 
(ton/d) 

0.062 mm 

331 6-20-91 0920 36,100 805 78,500 84 

7-02-91 1500 52,800 1,690 240,900 90 

7-24-91 1600 44,600 1,290 155,300 88 

8-14-91 1530 48,800 2,000 263,500 83 

8-29-91 1540 35,800 503 48,600 99 

9-12-91 1845 38,300 963 99,600 78 

9-23-91 1200 31,700 664 56,800 98 

6-11-92 1630 37,900 783 81,100 80 

6-23-92 1730 49,300 891 118,600 77 

8-12-92 1510 51,300 2,300 318,600 91 

9-09-92 1415 29,400 748 59,400 82 

9-22-92 1300 21,600 1,220 71,200 90 

6-08-93 1715 44,400 944 113,200 81 

6-22-93 1440 46,800 846 106,900 86 

7-20-93 1640 64,600 1696 295,800 91 

8-19-93 1050 73,600 1854 368,400 75 

9-01-93 1345 44,200 2236 266,800 78 

9-15-93 1400 41,200 660 73,400 

1187 6-20-91 0830 16,700 840 37,900 81 

7-02-91 1400 35,000 1,780 168,200 86 

7-24-91 1445 26,100 1,240 87,400 88 

8-14-91 1500 29,500 2,020 160,900 84 

8-29-91 1445 14,400 772 30,000 93 

9-12-91 1830 19,000 913 46,800 82 

9-23-91 1215 11,500 564 17,500 98 

6-11-92 1600 18,400 843 41,900 78 

6-23-92 1700 30,300 788 64,500 82 

8-12-92 1430 30,300 2,160 176,700 94 

9-09-92 1345 11,500 592 18,400 90 

9-22-92 1310 6,950 309 5,800 94 

6-08-93 1700 23,900 876 56,500 87 

6-22-93 1515 24,300 738 48,400 88 

7-20-93 1615 35,300 1744 166,200 87 

8-19-93 1025 33,400 1770 159,600 74 

9-01-93 1325 15,800 2382 101,600 75 

9-15-93 1350 14,600 808 31,900 
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Appendix 1. Suspended-sediment data for the Copper River at bridges along the Copper River Highway (Continued) 

Bridge 
Water Concen-

Discharge 
Percent 

Date Time discharge tration finer than 
name 

(ft3/s) (mg/L) 
(ton/d) 

0.062 mm 

332 6-19-91 1700 15,000 750 30,400 85 

7-02-91 1300 29,400 1,530 121,500 92 

7-24-91 1300 19,700 1,170 62,200 90 

8-14-91 1410 21,600 1,860 108,500 85 

8-29-91 1345 9,000 875 21,300 94 

9-12-91 1800 13,000 861 30,200 85 

9-23-91 1240 7,200 664 12,900 98 

6-11-92 1530 12,200 852 28,100 74 

6-23-92 1515 21,800 798 47,000 83 

8-12-92 1330 15,000 2,100 85,100 96 

9-09-92 1245 2,280 560 3,450 89 

6-08-93 1530 13,900 922 34,600 83 

6-22-93 1550 12,600 799 27,200 84 . 
7-20-93 1555 23,200 1717 107,600 88 

8-19-93 0950 24,300 1587 104,100 79 

9-01-93 1305 9,480 2112 54,100 78 

9-15-93 1340 8,750 640 15,100 

333 7-02-91 1725 5,800 1,310 20,500 99 

7-25-91 1220 4,700 1,060 13,500 97 

8-15-91 1350 5,000 1,410 19,000 

8-28-91 1310 2,200 781 4,640 96 

9-25-91 1145 800 546 1,180 93 

6-10-92 1445 2,160 532 3,100 90 

6-23-92 1515 5,070 583 8,020 98 

7-13-92 1730 8,710 1,220 28,700 96 

7-31-92 1430 4,860 781 10,200 95 

8-13-92 1325 5,240 1,780 25,200 97 

8-27-92 1530 2,510 1,080 7,320 95 

9-09-92 1505 710 485 930 99 

6-08-93 1515 2,770 768 5,740 94 

6-22-93 1405 2,800 665 5,030 96 

7-20-93 1530 4,940 1560 20,800 96 

8-19-93 0930 7,120 1310 25,200 91 

9-01-93 1245 3,280 1960 17,400 85 
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Appendix 1. Suspended-sediment data for the Copper River at bridges along the Copper River Highway (Continued) 

Bridge 
Water · Concen-

Discharge 
Percent 

Date Time discharge tration finer than 
name 

(ft3/s) (mg/L) 
(ton/d) 

0.062 mm 

334 7-02-91 1720 12,000 1,320 42,800 96 

7-25-91 1215 5,000 1,050 14,200 97 

8-15-91 1345 6,000 1,560 25,300 93 

8-28-91 1225 600 624 1,010 98 

9-25-91 1130 400 304 328 99 

6-10-92 1430 620 299 500 100 

6-23-92 1500 5,560 640 9,610 95 

7-13-92 . 1550 13,100 1,180 41,700 97 

7-31-92 1330 5,540 706 10,600 98 

8-13-92 1315 8,470 1,990 45,500 97 

8-27-92 1500 3,860 1,120 11,700 96 

9-09-92 1515 246 252 167 100 

6-08-93 1500 4,820 746 9,710 96 

6-22-93 1350 5,200 577 8,100 99 

7-20-93 1435 12,700 1440 49,400 98 

8-19-93 0925 17,600 1210 57,500 95 

9-01-93 1230 6,120 2010 33,200 84 

339 7-02-91 1710 5,400 1,140 16,600 98 

7-25-91 1155 2,300 1,060 6,580 97 

8-15-91 1330 1,900 2,230 11,400 

8-28-91 1130 600 634 1,030 100 

9-23-91 1115 40 212 23 98 

6-10-92 1415 368 439 436 98 

6-23-92 1430 2,240 654 3,960 94 

7-13-92 1510 3,700 1,150 11,500 98 

7-28-92 1200 3,200 878 7,590 90 

8-13-92 1300 3,800 2,170 22,300 96 

8-27-92 1430 2,160 1,260 7,350 89 

9-09-92 1525 425 412 473 100 

6-08-93 1445 2,590 755 5,280 96 

6-22-93 1345 2,600 595 4,180 99 

7-20-93 1305 9,210 1400 34,800 99 

8-19-93 0915 14,600 1240 48,900 97 

9-01-93 1210 4,530 1880 23,000 82 
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Appendix 1. Suspended-sediment data for the Copper River at bridges along the Copper River Highway (Continued) 

Bridge 
Water Concen-

Discharge 
Percent 

Date Time discharge tration finer than 
name (ft3/s) (mg/L) 

(ton/d) 
0.062 mm 

340 6-20-91 1600 4,100 786 8,700 91 

7-02-91 1705 11,800 1,320 42,100 96 

7-25-91 1150 6,800 1,040 19,100 98 

8-15-91 1310 7,700 1,370 28,500 95 

8-28-91 1100 1,100 707 2,100 99 

9-25-91 1100 200 372 201 100 

6-10-92 1400 1,140 425 1,310 96 

6-23-92 1400 6,270 676 11,400 91 

7-13-92 1430 7,150 1,160 22,400 97 

7-28-92 1130 5,770 1,030 16,000 93 

8-13-92 1240 5,860 2,170 34,300 96 

8-27-92 1415 3,470 1,220 11,400 93 

9-09-92 1530 235 351 222 100 

6-08-93 1410 4,150 767 8,590 94 

6-22-93 1330 4,200 632 7,170 98 

7-20-93 1215 9,040 1440 35,100 98 

8-19-93 0910 10,600 1270 36,300 97 

9-01-93 1200 5,470 1680 24,800 88 

342 6-18-91 1500 64,300 790 137,200 84 

7-02-91 1630 91,400 1,340 330,700 91 

7-24-91 1100 73,900 1,210 241,400 90 

8-14-91 1100 78,600 1,375 291,800 89 

8-29-91 0900 45,500 882 108,400 93 

9-12-91 1320 54,400 791 116,200 92 

9-23-91 1030 40,000 530 57,200 96 

6-10-92 1200 47,400 513 65,700 88 

6-23-92 1100 69,400 739 138,500 87 

8-13-92 1100 64,900 2,320 406,500 95 

9-09-92 1545 30,200 651 53,100 90 

9-22-92 1010 13,400 262 9,480 99 

6-08-93 1350 60,700 800 131,100 90 

6-22-93 1130 65,800 670 119,000 91 

7-20-93 0935 85,800 1474 341,500 94 

8-19-93 0845 92,100 1460 363,100 89 

9-01-93 1110 66,500 1758 315,600 85 

9-15-93 1300 66,100 734 131,000 
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Appendix 1. Suspended-sediment data for the Copper River at bridges along the Copper River Highway (Continued) 

Bridge 
Water Concen-

Discharge 
Percent 

Date Time discharge tration finer than 
name 

(ft3/s) (mgll) 
(ton/d) 

0.062 mm 

Million Dollar 6-28-91 1150 202,000 1,200 654,000 94 

8-07-91 1520 115,000 1,010 314,000 95 

8-29-91 1020 92,300 1,400 349,000 98 

9-11-91 1500 120,000 829 269,000 94 

9-24-91 1531 78,100 528 111,000 94 

6-19-92 1231 149,000 688 277,000 92 

7-10-92 1821 188,000 1,180 599,000 97 

8-13-92 0930 157,000 2,230 945,000 97 

9-04-92 1200 109,000 1,520 447,000 98 

9-22-92 0930 39,900 1,620 174,500 92 

6-08-93 1000 154,000 819 341,000 92 

6-18-93 1411 156,000 839 353,000 94 

7-21-93 1155 232,000 1,480 927,000 96 

7-30-93 1925 211,000 1,330 758,000 95 

8-17-93 0900 240,000 1,015 658,000 98 

8-24-93 1230 132,000 1,070 381,000 86 

9-16-93 1200 98,800 722 193,000 

10-07-93 1550 88,100 2,120 504,000 99 

6-03-94 1520 60,000 242 39,200 88 

9-07-94 1500 86,800 427 100,000 96 

10-13-94 1250 28,400 560 42,900 98 
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Appendix 2. Suspended-sediment and particle-size analyses for the Copper River at bridges along the Copper River Highway 

[ft3/s, cubic feet per second; mg/L, milligram per liter; ton/d, ton per day] 

Suspended Suspended sediment, percent finer than size indicated, 

Water 
sediment in millimeters 

Bridge Date Time discharge Concen- Dis-
(ft3/s) tration charge 0.002 0.004 0.008 0.016 0.031 0.062 0.125 0.250 0.500 

(mg/L) (ton/d) 

331 7-14-92 1720 56,600 1,130 172,700 36.2 44.1 52.5 66.9 82.4 91 96 99 100 

7-30-92 1556 49,100 951 126,100 30.0 35.7 41.8 58.9 72.3 84 91 97 99 

8-26-92 1445 50,900 2,050 281,700 20.3 22.6 29.1 41.6 57.9 74 90 96 99 

1187 7-14-92 1645 38,600 1,170 121,900 28.3 42.0 58.0 71.4 83.8 90 95 98 99 

7-30-92 1520 31,400 884 74,900 30.3 37.6 45.6 60.1 74.5 88 93 96 99 

8-26-92 1400 30,300 2,000 163,600 19.5 22.4 29.4 42.3 63.1 78 90 97 99 

332 7-14-92 1610 26,900 1,110 80,600 33.8 45.8 55.7 71.3 83.3 91 95 98 100 

7-30-92 1455 18,000 871 42,300 31.2 43.0 50.7 64.6 81.3 88 93 97 99 

8-26-92 1315 14,700 1,810 71,800 19.5 20.8 28.7 43.7 64.7 81 91 98 100 

342 7-13-92 1315 78,500 1,160 245,900 40.7 49.8 57.5 72.4 85.7 94 97 99 100 

7-28-92 1003 69,300 984 184,100 33.4 45.7 62.2 75.9 86.9 94 97 98 100 

8-27-92 1345 64,200 1,200 208,000 23.3 38.0 54.1 67.1 80.9 93 97 98 100 

Million 7-29-92 1350 169,000 947 432,100 33.1 38.0 48.9 65.0 79.0 93 99 100 
Dollar 

8-27-92 1030 160,000 1,020 440,600 20.0 20.7 27.3 39.7 58.4 93 98 99 100 
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Appendix 3. Bedload analyses for the Copper River at bridges along the Copper River Highway 
[ft3/s, cubic feet per second; ton/d, ton per day; mm, millimeter] 

Particle-size distribution of bedload 

Bridge Date Percentage, by weight, finer than size (mm) indicated 
Water 

discharge 
(ft3/s) 

Bedload 
discharge 

(ton/d) Pan 0.25 0.50 1.0 2.0 4.0 8.0 16.0 32.0 64.0 128 

331 4,300 

1,300 

750 

1,850 

550 

2,600 

3,450 

3,300 

1,750 

730 

2,170 

3,640 

2,960 

0.0 

0.1 

0.4 

0.0 

0.1 

0.1 

0.1 

0.0 

0.2 

0.4 

0.3 

0.1 

0.1 

0.1 

0.0 

0.4 5.6 27.7 51.3 69.3 86.7 

1.3 11.3 37.3 61.2 73.9 86.3 

5.4 64.7 92.7 97.0 98.3 99.6 

0.2 9.7 32.7 47.6 60.3 77.7 

0.3 22.6 49.4 61.1 68.0 79.1 

0.9 11.2 30.6 47.8 62.9 79.8 

0.5 7.4 23.3 42.2 55.6 73.0 

0.4 11.1 41.9 60.2 71.8 87.1 

1.3 21.0 42.6 54.5 64.6 77.3 

3.1 28.7 68.7 81.5 85.6 90.6 

1.8 33.0 49.9 58.2 67.7 79.4 

0.2 5.7 24.1 52.9 76.1 91.3 

0.4 17.0 52.9 78.1 88.3 94.7 

0.2 9.8 36.4 59.6 70.2 83.2 

0.1 2.0 5.8 15.9 32.1 56.9 

98.3 100 

96.9 100 

100 100 

94.7 100 

96.0 100 

94.1 99.2 

93.9 100 

97.9 100 

93.0 100 

98.3 100 

94.3 100 

99.1 100 

99.5 100 

98 100 

86.9 100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

6-20-91 

7-02-91 

7-24-91 

8-14-91 

8-29-91 

6-11-92 

6-24-92 

7-14-92 

7-30-92 

8-13-92 

8-26-92 

6-09-93 

6-23-93 

7-21-93 

8-17-93 

8-31-93 

36,100i 

52,800d 

44,600i 

48,800i 

35,800d 

37,900i 

49,300d 

56,600d 

49,100d 

51,300d 

50,900i 

44,400d 

46,800i 

64,600d 

73,600d 

44,200i 

310 

1,920 

1,900 0.7 2.7 49.5 77.4 85.5 90.4 95.2 98.5 100 100 100 

1187 6-20-91 

332 

7-02-91 

7-24-91 

8-14-91 

8-29-91 

6-11-92 

6-24-92 

7-14-92 

7-30-92 

8-26-92 

6-09-93 

6-23-93 

7-21-93 

8-17-93 

8-31-93 

6-19-91 

7-02-91 

16,700i 

35,oood 

26,100i 

29,500i 

14,400d 

18,400i 

30,300d 

38,600d 

31,400d 

30,300i 

23,900d 

24,300i 

35,300d 

33,400d 

15,800i 

15,oooi 

29,400d 

1,700 

2,200 

3,500 

3,600 

1,300 

1,540 

1,450 

4,010 

3,880 

4,690 

1,080 

2,610 

4,240 

6,840 

3,980 

2,000 

2,000 

0.3 

1.0 

0.0 

0.0 

2.8 

0.4 

0.0 

0.0 

0.2 

0.1 

0.1 

0.1 

0.2 

0.3 

0.2 

0.1 

0.0 
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9.2 40.4 70.1 

7.4 40.7 75.2 

0.8 10.0 32.7 

0.8 31.2 53.2 

17.0 58.0 76.9 

6.5 50.8 82.6 

1.0 19.8 52.8 

1.8 37.6 72.7 

1.2 22.6 58.1 

0.7 16.6 41.7 

1.6 52.8 72.2 

1.0 34.4 71.8 

1.7 30.9 69.2 

0.8 16.7 44.2 

1.8 23.0 53.2 

88.4 94.7 

89.0 94.9 

53.5 66.8 

65.2 79.2 

82.7 89.1 

95.0 97.8 

74.5 84.6 

85.6 90.7 

75.9 85.2 

59.1 72.6 

83.5 90.5 

87.2 95.0 

84.5 91.7 

60.9 67.8 

69.5 80.2 

3.0 38.8 

1.5 17.8 

80.1 92.3 96.9 

52.6 81.4 91.4 

98.4 100 

98.6 100 

83.3 97.6 

91.1 99.6 

95.5 100 

99.5 100 

96.0 100 

97.0 100 

94.1 100 

85.5 97.9 

96.9 100 

98.7 100 

96.9 99.5 

83.2 97.7 

90.5 99.3 

99.1 99.9 

97.2 99.8 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 



Appendix 3. Bedload analyses for the Copper River at bridges along the Copper River Highway (Continued) 

Bridge Date 
Water 

discharge 
(ft3/s) 

332 

342 

Mil
lion 
Dol
lar 

7-24-91 

8-14-91 

8-29-91 

6-11-92 

6-23-92 

7-14-92 

7-30-92 

8-26-92 

6-09-93 

6-21-93 

7-21-93 

8-17-93 

8-31-93 

6-18-91 

8-29-91 

6-10-92 

6-23-92 

7-13-92 

7-28-92 

8-13-92 

8-26-92 

6-08-93 

6-22-93 

7-20-93 

8-03-93 

8-17-93 

8-31-93 

19,700i 

21,600i 

9,oood 

12,200i 

21,800d 

26,900d 

18,000d 

14,700i 

13,900d 

12,600i 

23,200d 

24,300d 

9,480i 

64,300i 

45,500d 

47,400i 

69,400d 

78,500d 

69,300d 

64,900d 

64,200i 

60,700d 

65,800i 

85,800d 

85,200d 

92,100d 

66,500i 

6-28-91 202,000 

8-07-91 115,000 

8-29-91 92,300 

9-11-91 . 120,000 

9-24-91 78,100 

ilncreasing stage 
dDecreasing stage 

Bedload 
discharge 

(ton/d) 

2,500 

4,100 

400 

3,800 

2,350 

3,340 

1,380 

1,280 

3,760 

2,820 

2,540 

5,400 

1,510 

14,700 

1,700 

1,000 

8,540 

12,800 

7,140 

3,510 

2,770 

6,500 

4,340 

6,580 

6,910 

10,700 

2,950 

0 

0 

0 

0 

0 

Particle-size distribution of bedload 

Percentage, by weight, finer than size (mm) indicated 

Pan 0.25 0.50 1.0 2.0 4.0 8.0 16.0 32.0 64.0 128 

0.1 

0.4 

.0.4 

0.0 

0.0 

0.0 

0.3 

1.0 

0.1 

0.1 

0.3 

0.3 

0.3 

0.0 

0.0 

0.0 

0.0 

0.0 

0.1 

0.1 

0.1 

0.0 

0.0 

0.1 

0.0 

0.1 

0.0 

4.2 42.2 74.6 88.5 94.3 

1.8 40.3 73.4 86.5 92.9 

8.6 31.5 63.7 76.6 88.2 

1.0 37.0 80.0 92.0 95.0 

1.3 28.0 68.4 86.1 91.7 

2.6 32.6 68.9 86.4 91.7 

2.0 42.6 76.2 83.6 88.7 

11.4 56.0 87.0 94.9 97.9 

2.7 33.7 68.5 84.3 91.8 

1.7 36.0 72.9 88.2 93.8 

5.4 45.7 77.8 91.8 96.2 

2.2 29.2 62.3 82.7 91.1 

3.1 45.1 79.8 88.4 93.5 

0.2 

0.2 

0.2 

0.0 

0.1 

0.2 

0.6 

0.4 

0.2 

0.1 

0.4 

0.1 

0.2 

0.2 

1.5 5.2 

0.8 1.7 

11.1 43.2 

0.6 1.5 

8.6 29.9 

10.6 52.9 

13.4 28.3 

10.3 16.0 

10.5 15.6 

4.9 14.9 

6.4 15.8 

2.4 9.9 

2.1 4.0 

4.2 13.1 

11.1 18.9 

4.0 15.6 

61.3 69.2 

3.9 10.0 

40.5 45.3 

74.5 84.5 

36.9 43.9 

19.8 24.8 

22.5 30.5 

27.3 39.3 

25.0 33.3 

15.9 20.3 

5.7 7.1 

28.0 38.5 

98.3 99.9 

97.6 99.9 

97.5 100 

97.0 100 

97.8 100 

97.1 99.9 

95.5 100 

99.5 100 

97.7 100 

98.~ 100 

99.1 100 

97.1 99.7 

97.8 100 

34.9 

41.8 

74.5 

20.8 

55.4 

92.3 

53.1 

33.7 

44.5 

56.2 

42.0 

31.3 

10.3 

52.7 

57.8 

72.5 

82.4 

39.6 

68.1 

98.2 

70.0 

55.7 

63.3 

74.4 

57.5 

50.4 

15.8 

71.9 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

83.7 100 

92.8 100 

98.0 100 

70.4 100 

85.1 94.9 

100 100 

88.9 100 

85.5 100 

83.8 100 

93.2 100 

74.1 95.6 

75.2 100 

49.5 100 

95.2 100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 
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Appendix 4. Bedload and suspended sediment data for the Copper River at bridges along the Copper River Highway 
[ft3/s, cubic feet per second; mm, millimeter; ton/d, ton per day] 

Water 
Bedload Discharge (ton/d) 

Bridge Date discharge 
median 

(ft3/s) 
diameter Bedload 

Suspended Total 

(d50)(mm) sediment sediment 

331 6-20-91 36,100i 1.9 4,300 78,500 82,800 

7-02-91 52,800d 1.5 1,300 240,900 242,200 

7-24-91 44,600i 0.4 750 155,300 156,000 

8-14-91 48,800i 2.3 1,850 263,500 265,400 

8-29-91 35,800d 1.0 550 48,600 49,~00 

6-11-92 37,900i 1.4 2,600 81,100 83,700 

6-24-92 49,300d 3.0 3,450 118,600 122,000 

7-14-92 56,600d 1.3 3,300 172,700 176,000 

7-30-92 49,100d 1.2 1,750 126,100 127,800 

8-13-92 51,300d 0.7 730 318,600 319,300 

8-26-92 50,900i 1.0 2,170 281,700 283,900 

6-09-93 44,400d 1.8 3,640 113,200 116,800 

6-23-93 46,800i 1.0 2,960 106,900 109,900 

7-21-93 64,600d 1.8 310 295,800 296,100 

8-17-93 73,600d 6.0 1,920 368,400 370,300 

8-31-93 44,200i 0.5 1,900 266,800 283,700 

1187 6-20-91 16,700i 0.6 1,700 37,900 39,600 

7-02-91 35,000d 0.6 2,200 168,200 170,400 

7-24-91 26,100i 1.8 3,500 87,400 90,900 

8-14-91 29,500i 0.9 3,600 160,900 164,500 

8-29-91 14,400d 0.4 1,300 30,000 31,300 

6-11-92 18,400i 0.5 1,540 41,900 43,400 

6-24-92 30,300d 1.0 1,450 64,500 66,000 

7-14-92 38,600d 0.6 4,010 121,900 125,900 

7-30-92 31,400d 0.8 3,880 74,900 78,800 

8-26-92 30,300i 1.4 4,690 163,600 168,300 

6-09-93 23,900d 0.4 1,080 56,500 57,600 

6-23-93 24,300i 0.7 2,610 48,400 51,000 

7-21-93 35,300d 0.8 4,240 166,200 170,400 

8-17-93 33,400d 1.0 6,840 159,600 166,400 

8-31-93 15,800i 1.0 3,980 101,600 105,600 

332 6-19-91 15,000i 0.6 2,000 30,400 32,400 

7-02-91 29,400d 0.9 2,000 121,500 123,500 
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Appendix 4. Bedload and suspended sediment data for the Copper River at bridges along the Copper River Highway 
(Continued) 

Water 
Bedload Discharge (ton/d) 

Bridge Date discharge 
median 

(ft3/s) 
diameter Bedload 

Suspended Total 

(d50)(mm) sediment sediment 

332 7-24-91 19,700i 0.6 2,500 62,200 64,700 

8-14-91 21,600i 0.6 4,100 108,500 112,600 

8-29-91 9,oood 0.7 400 21,300 21,700 

6-11-92 12,200i 0.9 3,800 28,100 31,900 

6-23-92 21,800d 0.8 2,350 47,000 49,400 

7-14-92 26,900d 0.7 3,340 80,600 83,900 

7-30-92 18,000d 0.5 1,380 42,300 43,700 

8-26-92 14,700i 0.5 1,280 71,800 73,100 

6-09-93 13,900d 0.8 3,760 34,600 38,400 

6-21-93 12,600i 0.8 2,820 27,200 30,000 

7-21-93 23,200d 0.5 2,540 107,600 110,100 

8-17-93 24,300d 0.8 5,400 104,100 109,500 

8-31-93 9,480i 0.5 1,510 54,100 55,600 

342 6-18-91 64,300i 12.5 14,700 137,200 151,900 

8-29-91 45,500d 9.6 1,700 108,400 110,100 

6-10-92 47,400i 0.8 1,000 65,700 66,700 

6-23-92 69,400d 16.0 8,540 138,500 147,000 

7-13-92 78,500d 6.0 12,800 245,900 258,700 

7-28-92 69,300d 14.0 7,140 184,100 191,200 

8-13-92 64,900d 6.0 3,510 406,500 410,000 

8-26-92 64,200i 14.0 2,770 208,000 210,800 

6-08-93 60,700d 9.0 6,500 131,100 137,600 

6-22-93 65,800i 5.0 4,340 119,000 123,300 

7-20-93 85,800d 10.0 6,580 341,500 348,100 

8-03-93 85,200d 10.0 6,910 

8-17-93 92,100d 12.0 10,700 363,100 373,800 

8-31-93 66,500i 5.0 2,950 315,600 318,600 

Million 6-28-91 202,000 0 654,000 654,000 
Dollar 

8-07-91 115,000 0 314,000 314,000 

8-29-91 92,300 0 349,000 349,000 

9-11-91 120,000 0 269,000 269,000 

9-24-91 78,100 0 111,000 111,000 

ilncreasing stage 
dDecreasing stage 
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Preliminary Determination oflEpicenters (issued monthly). 

1I'eclln1111ican Boolks a1111dl1Reports 

Professional Papers are mainly comprehensive scientific 
reports of wide and lasting interest and importance to professional 
scientists and engineers. Included are reports on the results of 
resource studies and of topographic, hydrologic, and geologic 
investigations. They also include collections of related papers 
addressing different aspects of a single scientific topic. 

Bulletins contain significant data and interpretations that are 
of lasting scientific interest but are generally more limited in scope 
or geographic coverage than Professional Papers. They include the 
results of resource studies and of geologic and topographic investi
gations, as well as collections of short papers related to a specific 
topic. 

Water-Supply Papers are comprehensive reports that 
present significant interpretive results of hydrologic investigations 
of wide interest to professional geologists, hydrologists, and engi
neers. The series covers investigations in all phases of hydrology, 
including hydrogeology, availability of water, quality of water, and 
use of water. 

Circulars present administrative information or important 
scientific information of wide popular interest in a format designed 
for distribution at no cost to the public. Information is usually of 
short-term interest. 

Water-Resources Investigations Reports are papers of an 
interpretive nature made available to the public outside the formal 
USGS publications series. Copies are reproduced on request unlike 
formal USGS publications, and they are also available for public 
inspection at depositories indicated in USGS catalogs. 

Open-File Reports include unpublished manuscript reports, 
maps, and other material that are made available for public consul
tation at depositories. They are a nonpermanent form of publica
tion that may be cited in other publications as sources of 
information. 

Maps 

Geologic Quadrangle Maps are multicolor geologic maps 
on topographic bases in 7.5- or 15-minute quadrangle formats 
(scales mainly 1:24,000 or 1 :62,500) showing bedrock, surficial, 
or engineering geology. Maps generally include brief texts; some 
maps include structure and columnar sections only. 

Geophysical Investigations Maps are on topographic or 
planimetric bases at various scales; they show results of surveys 
using geophysical techniques, such as gravity, magnetic, seismic, 
or radioactivity, which reflect subsurface structures that are of eco
nomic or geologic significance. Many maps include correlations 
with the geology. 

Miscellaneous Investigations Series Maps are on planimet
ric or topographic bases of regular and irregular areas at various 
scales; they present a wide variety of format and subject matter. 
The series also includes 7.5-minute quadrangle photogeologic 
maps on planimetric bases that show geology as interpreted from 
aerial photographs. Series also includes maps of Mars and the 
Moon. 

Coal Investigations Maps are geologic maps on topographic 
or planimetric bases at various scales showing bedrock or surficial 
geology, stratigraphy, and structural relations in certain coal
resource areas. 

Oil and Gas Investigations Charts show stratigraphic infor
mation for certain oil and gas fields and other areas having petro
leum potential. 

Miscellaneous Field Studies Maps are multicolor or black
and-white maps on topographic or planimetric bases for quadran
gle or irregular areas at various scales. Pre-1971 maps show bed
rock geology in relation to specific mining or mineral-deposit 
problems; post-1971 maps are primarily black-and-white maps on 
various subjects such as environmental studies or wilderness min
eral investigations. 

Hydrologic Investigations Atlases are multicolored or 
black-and-white maps on topographic or planimetric bases pre
senting a wide range of geohydrologic data of both regular and 
irregular areas; principal scale is 1:24,000, and regional studies are 
at 1:250,000 scale or smaller. 

Catanogs 

Permanent catalogs, as well as some others, giving compre
hensive listings of U.S. Geological Survey publications are avail
able under the conditions indicated below from the U.S. 
Geological Survey, Information Services, Box 25286, Federal 
Center, Denver, CO 80225. (See latest Price and Availability List.) 

"Publications of the Geological Survey, 1879-1961" may 
be purchased by mail and over the counter in paperback book form 
and as a set of microfiche. 

"Publications of the Geological Survey, 1962-1970" may 
be purchased by mail and over the counter in paperback book form 
and as a set of microfiche. 

"Publications of the U.S. Geological Survey, 1971-1981" 
may be purchased by mail and over the counter in paperback book 
form (two volumes, publications listing and index) and as a set of 
microfiche. 

Supplements for 1982, 1983, 1984, 1985, 1986, and for sub
sequent years since the last permanent catalog may be purchased 
by mail and over the counter in paperback book form. 

State catalogs, "List of U.S. Geological Survey Geologic 
and Water-Supply Reports and Maps For (State)," may be pur
chased by mail and over the counter in paperback booklet form 
only. 

"Price and Availability List of U.S. Geological Survey 
Publications," issued annually, is available free of charge in 
paperback booklet form only. _ , 

Selected copies of a monthly catalog "New Publications of 
the U.S. Geological Survey" are available free of charge by mail 
or may be obtained over the counter in paperback booklet form 
only. Those wishing a free subscription to the monthly catalog 
"New Publications of the U.S. Geological Survey" should write to 
the U.S. Geological Survey, 582 National Center, Reston, VA 
20192. 

Note-Prices of Government publications listed in older cata
logs, announcements, and publications may be incorrect. There
fore, the prices charged may differ from the prices in catalogs, 
announcements, and publications. 
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